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ANTENNA  PATTERN  DISTORTION  COMPUTER  PROGRAM 


1.  Introduction 

Presently,  when  a new  communication  facility  is  designed,  there  is  no 
simple  way  that  the  project  engineer  can  predict  the  interaction  between  the 
many  antennas  that  will  be  present  in  the  facility.  The  available  rules  of 
thumb  are  too  crude  and  do  not  really  give  any  detailed  information  of  the 
antenna  pattern  distortion  or  mutual  coupling  effects.  Recent  developments 
in  the  area  of  computer  aided  design  of  antennas  allowed  the  development  of 
a user  oriented  computer  program  that  can  perform  an  accurate  analysis  of 
existing  or  future  antenna  installations  with  far  more  detail  than  has  been 
possible.  The  description  and  usage  of  this  program  is  the  subject  of  this 
report . 

2 . Physical  Layout  of  the  Antenna  Farm 

A system  of  rectangular  coordinates  x,  y,  z will  be  used  for  specifying 
the  position  of  the  antennas  in  the  installation  as  shown  in  Figures  1 and  2. 
The  vertical  axis  is  always  z and  the  x,  y axes  define  a reference  plane 
which  must  coincide  with  the  installation  ground  plane  if  there  is  one.  In 
this  case  the  z^are  the  heights  of  the  base  of  each  antenna  above  the  ground 
plane.  In  cases  where  no  ground  plane  is  used,  the  axis  x,  y define  an 
arbitrary  reference  plane  and  the  z^  are  the  heights  of  the  base  of  each 
antenna  above  this  plane.  When  we  refer  to  a ground  plane  here,  we  mean  a 
metallic  structure,  either  solid  or  in  the  form  of  a wire  mesh  of  sufficiently 
small  openings  to  act  as  a ground  plane.  The  earth  below  the  antenna 
installation  is  ignored  by  the  program  because  usually  the  antennas  are  high 
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enough  above  the  terrain.  In  order  to  control  the  patterns  of  the  antennas 
on  the  installation,  it  is  advisable  to  always  use  a ground  plane  extending 
at  least  four  to  five  feet  beyond  the  outermost  antennas. 

As  will  be  described  in  detail  later,  the  program  has  two  versions: 

(1)  a simplified  one  where  only  the  antenna  types  have  to  be  specified  and 

(2)  a general  one  where  the  actual  dimensions  of  each  antenna  have  to  be 
specified. 

Figure  1 shows  the  input  variables  for  the  simplified  program.  As  can 
be  seen,  only  the  type  (AT  1181,  AT  1097,  AT  197,  or  LR  1000  - lightning  rod) 
and  the  x^,  y , z^  coordinates  specifying  the  antenna  positions  are  required. 

Figure  2 shows  the  input  variables  for  the  general  program.  Besides 
the  position  x^,  y , z^  of  each  antenna,  we  also  have  to  specify  the  antenna 
lengths  h^ , the  radii  r^,  the  positions  of  any  loads  £^if  they  exist,  the 
loads  Z^,  as  well  as  the  feed  positions  . 

In  the  simplified  program  only  one  antenna  can  be  fed  at  a time  and  no 
loads  are  allowed  in  the  other  antennas  which  are  assumed  terminated  by  their 
nominal  input  impedances.  In  the  general  program,  all  antennas  may  be  fed  and 
can  also  carry  one  load  each.  This  will  allow  the  solution  of  more  general 
problems  such  as  antenna  arrays  or  special  types  of  antennas  not  included  in 
the  simplified  program  catalog. 

3 . Description  of  the  Computer  Program 

This  program  was  designed  to  be  used  with  the  Honeywell  635  computer, 
based  at  RADC,  via  remote  terminal.  It  was  written  in  FORTRAN  IV  languate 
and  therefore  can  be  easily  adapted  to  many  other  computers. 
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The  program  is  executed  in  two  phases.  The  first,  which  is  called 
LINKMN  and  operates  in  the  Time-Sharing  Mode,  is  used  for  inputting  all  the 
pertinent  data.  The  second,  which  is  called  USA  and  operates  in  the  Remote 
Batch  Mode,  is  used  for  the  actual  computations.  If  any  detectable  errors 
occur  in  the  input  data,  the  Time-Sharing  Program  LINKMN  will  detect  them  and 
print  an  error  message  warning  the  user. 

In  order  to  execute  the  program  USA  three  permanent  files  called  USAIN1 , 
USA0UT1,  and  DATAFILE  are  needed.  As  the  name  suggests,  the  first  is  where 
the  input  data  from  LINKMN  is  stored,  the  second  is  where  the  program  will 
write  its  output,  and  the  third  is  where  the  input  data  for  communication 
range  contour  is  stored.  These  files  have  already  been  created  and  are  part 

of  the  RADC  program  package.  Presently,  USAIN1  and  USA0UT1  are  4 and  8 

* 

blocks  long  respectively,  and  DATAFILE  is  a random  file  (20  blocks  long)  . 
This  has  shown  to  be  large  enough  for  the  cases  treated  in  this  report.  If 
more  runs  are  needed,  the  size  of  the  files  may  have  to  be  increased. 

After  the  input  data  is  read  in  USAIN1  by  LINKMN,  the  data  is  changed 
into  the  proper  format  and  stored  again  in  USAIN1.  After  the  program  USA 
is  executed,  the  results  will  be  in  USAOUT1  and  have  to  be  read  in  the 
terminal.  Examples  of  these  manipulations  are  given  in  the  next  sections. 

If  the  communications  contour  is  to  be  computed  the  appropriate  topographic 
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If  an  unusually  large  problem  is  being  run  where,  for  example,  a lot  of 
mutual  coupling  coefficients  are  printed,  the  data  may  exceed  the  capacity 
of  USA0UT1.  In  this  case  a message  will  be  printed  out  and  part  of  the 
output  will  be  lost,  and  the  size  of  the  file  USAOUT1  has  to  be  increased. 

As  mentioned  earlier,  the  input  program  LINKMN  has  been  written  with  two 
options.  The  first,  called  the  "SIMPLE  PROGRAM",  does  not  require  any  know- 
ledge whatsoever  of  the  limitations  of  the  numerical  technique  used.  The 
terminal  requests  very  simple  and  straightforward  questions  and  no  decisions 
have  to  made  by  the  user.  Presently,  three  types  of  commonly  used  AF 
antennas  and  lightning  rods  are  allowed  as  input:  the  VHF  AT  1181,  the  UHF 

AT  1097,  the  UPC  AT  197,  and  the  LR  1000  (a  designation  reserved  by  us  to  a 
lightning  rod) . In  this  option  only  the  antenna  whose  pattern  is  being 


computed  can  be  fed.  The  second  option,  called  the  "GENERAL  PROGRAM" , allows 
the  treatment  of  any  vertical  cylindrical  antenna  with  a maximum  radius  of 
0.1  having,  at  most,  one  feed  point  and  one  load  per  antenna.  This  option 
cannot  compute  communication  contours. 

If  desired,  the  mutual  coupling  coefficients  among  the  various  antennas 
can  be  computed  and  printed  out  in  dB  when  using  the  SIMPLE  PROGRAM. 

The  program  will  also  compute  vertical  (constant  0)  and  horizontal 
(constant  8)  patterns.  The  increments  AS  and  t\0  can  be  specified  by  the 
user.  The  conventional  horizontal  pattern  is  therefore  computed  for  8 = 90°, 
the  horizontal  plane,  but  if  desired,  any  polar  angle  8 can  be  specified. 

When  patterns  are  computed,  the  output  will  be  in  normalized  magnitude 
expressed  in  ration  (NMAG)  and  in  dB  (NMAGDB) . The  value  of  the  field  used 
for  the  normalization  is  printed  out  under  EMAX  and  the  gain  of  the  antenna 
in  the  direction  of  EMAX  (over  the  isotropic  source)  is  also  printed  out 
as  a ratio  (GAIN)  and  in  dB  (GAINDB) . 

The  program  will  also  compute  communication  range  contours  for  specified 
signal  levels  for  up  to  six  different  airplane  heights.  The  ranges  are 
expressed  in  nautical  miles. 

After  all  the  input  data  is  fed  to  LINKMN,  it  prints  out  all  the  data 
as  read  by  the  computer  for  cross  reference  purposes  and  then  gives  the 
size  of  the  arrays  and  the  amount  of  core  needed  to  run  USA.  These  last  two 
pieces  of  information  have  to  be  fed  into  USA  pri~r  to  running  as  shown  in  the 
examples  of  the  next  sections.  The  purpose  of  this  procedure  is  to  use  as 
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little  core  as  possible  in  order  to  decrease  the  turn-around- t ime . If  the 
required  core  exceeds  60K,  a special  statement  is  used  to  advise  the 
operator  and  thus  facilitate  the  execution. 

In  the  next  section  we  present  some  examples  of  use  of  this  program 
with  detailed  explanations  of  all  procedures. 

NOTE:  When  this  program  is  first  installed  in  a new  computer,  the 

program  LINKMN  has  to  be  run  in  a special  way  to  create  the  necessary  files 
for  its  normal  execution  in  all  other  runs.  LINKMN  has  been  partitioned 
into  four  programs:  LINKMN,  LINKM1 , LINKM2 , and  LINKM3  which  perform 

different  functions,  and  are  loaded  only  when  needed. 

The  following  commands  should  be  used: 

SYSTEM  7P0RT 
OLD  OR  NEW- NEW 
READY 

*RUN  LINKM1= ; LI (NOGO)  (+) 

♦RUN  LINKM2=;L2(NOGO) 

♦RUN  LINKM3=;L3 (NOGO) 

♦RUN  LINKMN= ; LM (NOGO) 

♦RUNL  LM=HS ; LINK (LINK1) LI; LINK (LINK2 , LINKl ) L@ ; LINK (LINK# , LINK2 ) L3 
The  first  four  RUN  commands  automatically  create  the  necessary  permanent 
files  hi,  L2 , L3,  and  LM,  and  store  the  respective  programs  there.  These 
four  files  require  a total  of  26  blocks  of  file  space.  The  last  RUNL  command 
creates  the  necessary  temporary  file  HS  automatically.  If  desired,  a 
permanent  random  file  H£  (43  blocks  in  size)  can  be  created  before  the 
RUNL  command,  and  the  whole  program  stored  permanently  in  object  form  for 


future  runs. 


After  these  steps  type 
RUN  HS  #USAINl  "01" 

Then  program  will  start  asking  questions. 

The  random  file  named  DATAFILE  has  to  be  created  and  all  the  necessary 
"Line  of  Sight  Coverage"  data  has  to  be  stored  there  before  the  program 
USA  is  run  in  the  CARDIN  system.  The  name  DATAFILE  can  be  changed  to  any 
name  desired  by  modifying  statement  5025  in  the  program  USA  to  5025$:PRMFL: 

03, R/W,R,BLA00001/XXX. . . where  XXX . . . is  the  new  name  (maximum  of  eight 
characters).  This  modification  should  be  done  when  lines  50,  500,  5000 
are  modified.  See  Example  4,  note  number  8. 

4.  Examples  of  Program  Use 

In  the  listings  that  follow,  CR  means  a carriage  return  entered  by  the 
user.  Numbers  on  the  left-hand  side  margin  are  references  to  explanations 
that  follow  the  run.  All  user  responses  are  underlined. 

The  answers  to  the  terminal  questions  are  either  numbers  or  words 
such  as  YES,  NO,  INCHES,  METERS,  etc.  Whenever  this  last  type  of  answer 
is  requested,  the  user  can  type  the  whole  word  or  just  the  first  letter. 

In  any  event  the  computer  recognizes  only  the  first  letter.  Therefore, 

Y_,  YES,  YNO  are  all  interpreted  as  YES  since  the  first  letter  is  a Y_. 

No  blanks  are  allowed  before  the  word.  For  example  _YES  (where  _ is  a 
blank)  will  be  detected  as  an  error  and  the  question  will  be  repeated 

again  after  the  message:  " INPUT  ERROR,  TRY  AGAIN " is  typed  in  the 

terminal. 


(+)  For  more  details  see  Honeywell  Series  600/6000,  FORTRAN,  Manual 
number  BJ67,  p.  3 - 22. 
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The  computer  does  not  take  any  answer  until  a carriage  return  (CR)  is 
entered.  Therefore,  if  an  input  error  is  detected  before  the  CR,  two 
procedures  can  be  used  to  correct  it  [l]: 

(a)  If  the  whole  line  is  to  be  deleted,  press  simultaneously 

the  CTRL  and  X keys.  The  computer  will  print  DEL  indicating 
that  the  whole  entry  has  been  deleted  and  skips  to  the  next 


line  waiting  for  the  line  to  be  re-entered. 

EX: 

ANTENNA  POSITION  X Y Z 
= 100,10,0  CR 

(b)  If  only  a few  characters  have  to  be  corrected,  press  SHIFT 
and  @ as  many  times  as  there  are  characters  to  be  corrected. 
EX: 

ABD@CD  is  read  as  ABCD 
AB_C@@CD  is  read  as  ABCD 
N@Y  is  read  as  Y 


[l]  For  more  detailed  information,  see  GE-600  Line  GECOS  III  Time-Sharing 
FORTRAN,  manual  #CPB  - 1566A,  Now  Honeywell  BR  70. 
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4.1  EXAMPLE  1 - In  this  example  many  errors  were  introduced  on 


purpose  to  exercise  as  much  as  possible  the  error  detection 
capability  of  the  program. 

CR 

0110301 

PADC  R4D  TSS  GC0S-GU3  07/16/76  AT  9*893  CHANNEL  3030 


LOGON  ID-  BLA0  0Q0l;9  567  0 0 1604  09 

1 PASSU  0RD-- 
tXESHMttgPlUi 

2 SYSTEM  7F0RT 

3 OLD  OR  NE'J-NEU 
READY 

4 *Rl)N  US  0USAIN1  "01" 

•*■  + ♦ + + ENTER  ANTENNA  PARAMETERS  +♦+«■♦ 

5 DIMENSIONS  IN  METERS  OR  INCHES  7 
= N 

6 INPUT  ERR  OR*  TRY  AGAIN 

7 DIMENSIONS  IN  METERS  OR  INCHES  ? 

8 = M 

INPUT  ERRORS  TRY  AGAIN  

DIMENSIONS,  IN  METERS  OR  INCHES  7 

9 =_M_ 

GROUND  PLANE  7 
=YES 

10  SIMPLE  PROG  7 
=Y_ 

COUPLING  COEFFICIENTS  7 
-NO 

NUMBER  OF  ANTENNAS 

-A 

****  ANTENNA  NUMBER  1 ***• 

ANTENNA  TYPE  7 11097/  197/  1181  OR  1000) 

11  =1121 

INPUT  ERROR/  TRY  AGAIN  

ANTENNA  TYPE  7 (1097/  197/  1181  OR  1000) 

12  n 1 Q97 

ANTENNA  POSITION  X/Y/Z  ON  THE  PLATFORM 

13  - 1*/  DEL 
Q./Q./O. 

****  ANTENNA  NUMBER  2 **** 

ANTENNA  TYPE  ? (1097/  197/  1181  OR  1000) 

14  - 1 162 

INPUT  ERROR/  TRY  AGAIN  

ANTENNA  TYPE  7 (1097/  197/  1181  OR  1000) 
15  -118391 

ANTENNA  POSITION  X/Y/Z  ON  THE  PLATFORM 
■ 0 • * 1 •/ 0* 
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••*•  ANTENNA  NUMDER  3 **•* 

ANTENNA  TYPE  7 (1097*  197*  1181  OR  1000) 

- 1000 
LENGTH 
■ 2. 

DIAMETER 
■ « 009 

ANTENNA  POSITION  X*Y*Z  ON  THE  PLATFORM 

••••  ANTENNA  NUMBER  4 ***« 

ANTENNA  TYPE  7 (1097*  197*  1181  OR  1000) 

« 197 

ANTENNA  POSITION  X*Y*Z  ON  THE  PLATFORM 
-- 1 »*  0«*  0« 

♦ ♦♦  RADIATION  PATTERN  ♦ 

VERTICAL  PATTERN  7 
-NO 

HORIZONTAL  PATTERN  7 
-NO 

COMMUNICATION  RANGE  CONTOUR  7 
-NO 

INPUT  EPROP*  TRY  AGAIN  

16  VERTICAL  PATTERN  7 
-NO 

HORIZONTAL  PATTERN  7 
-YES 

THETA  (DEGREES) 

-90 

17  9° 

FILE  CODE  41  ILLEGAL  CHAR*  CORRECTION  =0. 

18  PLOTTING  INCREMENT  (NON-ZERO  NUMBER)  (DEGREES) 


INPUT  ERROR*  TPY  AGAIN  

PLOTTING  1NCPBM ENT  (NON-ZERO  NUMBER)  (DEGREES) 

• 10. 

COMMUNICATION  RANGE  CONTOUR  7 
• NO 


NUMBER  OF  RUNS 


****  RUN  # 1 **** 

FREQUENCY  (MHZ) 

-127 

FED  ANTENNA  (/) 

19  «5_ 

INPUT  ERROR*  TRY  AGAIN 

FED  ANTENNA  (#) 


20 
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INPUT  ERROR*  TRY  AGAIN 

FREQUENCY  (MHZ) 

■ 127 

FED  ANTENNA  (#) 

21  -J. 

INPUT  ERROR*  TRY  AGAIN 

FED  ANTENNA  (/) 

-2 
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DIM=  M 

GP=  Y 

SIMP=  Y 

COUPL=  N 

NR= 

ANT#  = 

1 

2 

3 

4 

TYPE  = 

1097  118! 

1000 

197 

X 

0. 

0. 

1.000 

-1.000 

Y - 

0. 

1.000 

o. 

0. 

Z 

0. 

o. 

o. 

o. 

L = 

0. 

c » 

2.000 

0. 

D a 

0. 

0. 

0.009 

c. 

VER  PAT= 

N 

HOR  PAT= 

Y 

THETA= 

90.0 

PLOT  INC= 

10.00 

CCM  RNG= 

N 

RUN# 

FREO(MHZ)  ANT 

FED< #> 

1 

127 

.00 

2 

+ ♦♦  62 

X 62 

IS  THE  MIN 

DIM  FOR 

cl/  C2 

+ ■*•+  27  K IS  THE  MIN  MEMORY  NEEDED  ♦++ 

24  • REMOVE  0 1 
•OLD  USA1N1 

25  READY 

•ascbcd  »;usaini 

26  LABELS? 

TAB  CHARACTERS  AND  SETTING? 

27  *SYST  CARD 

OLD  OR  NEV-OLD  USA 
READY 

28  CR 

*50  0 t DIM EN SI  ON  Cl C 62/  62) / C2( 62/ 62) 

29  *5000S:L1NITS 
*5000S:Ll:iITS:  15/27K 

30  *LI  STS  50/  50  0/500  0 


50  0:  DIMENSION  C 1 < 62,  62)  / C2C  62/ 62) 
5000S *LIM1TS: 15/27K 

READY 


31 

32 

33 

34 

35 

36 


•RUM 

SNUB  # 6S18T 

CARD  FORMAT/DISPOSITION  ? 

N CRM 

•JSTS  6SI8T 
68  18T- 0 1 TOO  BIG 
•BYE 

••COST:  $ 1*66  TO  DATE: 

** GN  AT  9.892  - OFF  AT  10- 


i 

102 


377 

ON 


,50=  8* 

07/16/76 
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37  *BCDASC  USA0UT1;* 

38  LINK  HlMDERS? 

TAD  CHARACTERS  AND  SETTING? 

39  *LI ST 


40  ***  ANT#  ( FED) = 2 FREQ  <MHZ>=  127.00  *** 


HOPIZCNTAL  PATTERN 
THETA=»  /0. 0 

EMAX=  0.274  GAIN=  2.891  GAIN(DB>=  4*61 


PHI 

NMAG 

Nil  AG  ( DB> 

0. 

O'. 

8460 

- 1.45 

10. 

o. 

7352 

-2.  67 

20. 

o. 

6124 

-4.  26 

30. 

o. 

4981 

“6.  05 

40. 

o. 

4141 

-7.66 

50. 

o. 

3737 

-8.55 

60* 

o. 

3696 

-8.65 

70. 

o. 

38  07 

-8.39 

60. 

o. 

3899 

-8.18 

90. 

o. 

3927 

-8.  12 

100. 

o. 

3965 

-8.03 

no. 

o. 

4127 

-7.69 

120. 

o. 

4451 

-7.03 

130. 

o. 

4893 

-6.21 

140. 

o. 

5424 

-5.31 

150. 

o. 

6084 

-4.32 

160. 

o. 

69  0 3 

-3.22 

170. 

o. 

7807 

-2.  15 

180. 

o. 

8 627 

-1.28 

190. 

o. 

9184 

-0.74 

200. 

o. 

9368 

-0.57 

210. 

o. 

9172 

-0.75 

220. 

0. 

8674 

- 1.24 

230. 

o. 

8012 

- 1.93 

240. 

o. 

7347 

-2.  68 

250. 

o. 

6839 

-3.  30 

260. 

). 

6616 

-3.59 

27  0. 

3. 

6749 

-3.41 

28  0. 

3. 

7224 

-2.82 

29  0- 

3 « 

7933 

-2.01 

300. 

o. 

8712 

- 1.20 

310. 

o. 

9 391 

-0.55 

320. 

o. 

9844 

-0.  14 

330. 

1. 

0000 

o. 

340. 

9. 

9825 

-0.15 

350. 

3. 

9307 

-0*62 

360. 

)• 

8460 

-1.45 

READY 
41  *J£LL 

«*COST:  S 0.47  TO  DATE:  S 390*39=  8X 

**CN  AT  14.370  - OFF  AT  14.440  ON  07/16/76 


Explanation  of  Example  1 

1.  Sign  on  procedure  - the  user  enters  the  USER  ID  and  PASSWORD  (masked  on 
purpose) . After  any  entry,  always  enter  a CR  to  indicate  that  the  input 
is  completed. 

2.  Request  the  system  TFORT. 

3.  Call  NEW  since  the  program  is  in  objet  form  in  HS. 

4.  Request  that  the  program  HS  be  RUN  and  the  output  be  stored  in  the  file 
01  which  is  the  alternate  name  of  the  file  USAINl,  since  only  numbers 
can  be  used  as  a file  name  in  the  system  FORT.  HS  then  starts  asking 
questions  from  the  user. 

5.  The  answer  to  "DIMENSIONS  IN  METERS  OR  INCHES"  has  to  be  any  of  the 

following:  M,  METERS,  I,  INCHES.  In  this  case,  N was  inadvertently 

entered. 

6.  The  program  does  not  recognize  the  answer  and  requests  that  the  information 
be  entered  again. 

7.  Note  that  the  computer  repeats  the  question. 

8.  Again,  inadvertently,  a blank  was  entered  before  M and  the  computer 
rejects  the  input  again. 

9.  Finally,  the  correct  input  is  entered. 

10.  Note  that  YES  and  Y are  acceptable  answers. 

11.  A mistake  in  the  antenna  type  is  made. 

12.  The  correct  answer  is  entered. 

13.  In  this  case  the  user  detected  an  error  (1.,  instead  of  zero  was 
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entered)  and  the  input  was  cancelled  by  depressing  simultaneously  the 


keys  CTRL  and  X.  The  computer  prints  DEL  indicating  that  the  information 
was  deleted,  skips  to  the  next  line  and  waits  for  the  line  to  be  typed 
over. 

14.  Again  an  input  error  is  detected  by  the  computer. 

15.  This  is  an  example  of  how  to  correct  only  a few  characters.  The  @ erased 
the  3 which  was  replaced  by  the  1 eptered  after. 

16.  This  message  is  issued  because  this  run  has  no  output  since  NO  COUPLING 
COEFFICIENTS  were  requested  at  the  beginning  and  NO  VERTICAL,  HORIZONTAL 
PATTERNS  or  COMMUNICATION  RANGE  CONTOUR  were  requested  now.  At  least 
one  of  these  three  answers  has  to  be  YES.  Note  that  the  computer  asks 
the  questions  again. 

17.  A common  mistake  is  to  type  the  letter  "O"  instead  of  zero  (0) . The 
computer  detected  that  90  was  entered  instead  of  90. 

18.  The  plotting  increment  has  to  be  non-zero  number;  thus,  the  next  two 
error  messages. 

19.  The  antenna  specified  does  not  exist  since  we  have  only  four  antennas. 

20.  Antenna  1 is  UHF  and  the  frequency  specified  is  VHF,  so  the  question 
FREQUENCY  and  FED  ANTENNA  are  repeated. 

21.  Antenna  3 is  a lightning  rod  and  there  is  no  feed. 

22.  This  is  a printout  of  what  was  just  read  in  the  computer  for  the  user's 
verification.  Take  a moment  to  double  check  this,  otherwise  the  whole 


run  may  be  wasted.  Note  that  the  type  of  ANTENNA  NUMBER  2 has  been 


corrected  to  1181.  DIM  = M means  dimensions  in  meters.  The  other 


answers  are  self  explanatory. 

21.  This  is  needed  information  to  run  USA  so  that  the  minimum  array  sizes 
(62  x 62)  and  the  minimum  memory  requirements  (27K)  are  used. 

24.  This  statement  is  to  remove  the  file  01  from  AFT  so  that  access  to 
USAINl  can  be  regained. 

25.  These  statements  are  used  to  change  the  data  in  USAINl  from  ASCII 
to  BCD  for  use  by  USA. 

26.  Note  the  CR  entered  as  answers  to  the  next  two  questions,  since  no 
labels  or  tab  settings  are  required. 

27.  As  USA  is  in  the  Remote  Batch  Mode  (called  CARDIN)  the  CARDIN  system 
is  requested,  followed  by  a call  of  the  OLD  USA  program. 

28.  Statements  50,  500,  and  5000  are  modified  to  the  present  size  as 
indicated  in  23  above.  The  explanation  of  each  statement  is  as  follows 
[2]: 

(a)  Statement  50  is  used  to-  warn  the  operator  that  a large  program 
is  coming.  This  should  be  used  whenever  the  run  size  is  greater 
than  60K.  The  format  is  the  following: 

Less  than  60K 
50CR 

More  than  60K 

50$ : MSG1 : 1 , (MESSAGE) 

EX:  5 0 $MSG 1 : 1 , THIS  RUN  REQUIRES  7lK 
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(b)  Statement  500  modifies  the  dimensions  of  all  the  arrays  in 


USA.  The  format  is: 

500 : DIMENSION  C1(NN,NN),  C2(NN,NN) 

where  NN  is  the  value  indicated  in  23  above  by  the  message 
+ + + NN  x NN  IS  THE  MIN  DIM  FOR  Cl,  C2  + + + 

EX:  500:DIMENSION  Cl,  (62,62) , C2  (62,62) 

(c)  Statement  5000  specifies  a running  time  limit  and  states  the  core 
requirements  to  run  USA. 

5000$ : LIMITS : XX , YYK 

where  XX  is  an  estimate  of  the  running  time  in  hundredths  of 
an  hour. 

YY  is  the  required  memory  in  1000  words 

EX:  5000$ : LIMITS : 15 , 48K  (.15  hours  max  run  time) 

29.  If  an  error  is  detected  (as  in  this  case  due  to  misspelling  of 
LIMITS) , just  press  CR  and  start  the  line  again.  Whenever  the  same 
line  number  is  entered  more  than  once,  the  computer  will  only  use 
the  information  typed  in  the  last  time. 

30.  It  is  a good  practice  to  request  the  computer  to  list  the  statements 
just  entered.  This  can  be  done  by  the  command  LISTS  NN,MM,PP... 

This  will  list  only  the  specified  statement  numbers.  Note  also 
that  statement  50  was  not  listed,  since  it  is  a blank  now. 

31.  After  the  modifications  above  are  verified  to  be  correct,  USA  is 
asked  to  RUN. 
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32.  The  CARDIN  system  will  assign  a number  to  this  specific  run.  In  this 
case  6818T. 

33.  Answer  NORMAL  or  NORM  to  the  next  question  as  no  special  card 
disposition  is  used. 

34.  This  is  a request  of  the  status  of  your  job.  JSTS  6818T  means  what 
is  the  JOB  STATUS  of  6818T. 

35.  In  this  case,  the  answer  was  that  the  program  STATUS  was  TOO  BIG.  The 
normal  procedure  is  to  disconnect  the  terminal  and  sometime  later 
request  JSTS  6818T.  In  case  the  job  is  small,  it  is  possible  that  it 
will  be  run  after  a short  time  and  therefore  you  may  wish  to  keep  the 
terminal  on.  Periodically,  request  your  job  status,  since  if  the 
terminal  is  inactive  for  more  than  10  minutes,  it  will  be  automatically 
disconnected. 

36.  BYE  is  the  message  to  disconnect  the  terminal.  If  at  a later  time  the 
user  requests  the  job  status  and  the  computer  replied  that  the  job  is 
completed  with  NORMAL  TERMINATION,  the  following  procedure  is  used 

to  retrieve  the  output  data: 

37.  The  output  is  in  file  USA0UT1  but  is  in  BCD.  The  user  has  to  convert 
the  data  to  ASCII.  This  is  accomplished  by  this  statement  which  reads 
BCD  from  USA0UT1,  converts  to  ASCII  and  stores  it  in  the  present  file 
which  is  indicated  by  the  asterisk  (*). 

38.  As  no  line  numbers  or  tabs  are  required,  answer  the  next  two  questions 
with  a CR. 
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Request  a listing  of  the  present  file. 


The  desired  output  is  printed  out.  Note  that  the  angle  PHI  is  measured 
clockwise  from  the  x-axis  to  conform  with  the  azimuths  of  SCREEN. 

(See  Figs.  1,  2).  Note  also  that  the  magnitude  of  the  radiation 
pattern  is  listed  in  ratio,  as  well  as  in  DB  normalized  to  EMAX , 
its  maximum  magnitude.  The  gain  over  the  isotropic  source  in  the 
direction  of  EMAX  is  also  given  in  ratio  and  in  DB. 

After  the  listing  is  completed,  just  sign  out. 

As  a reference,  this  run  took  a total  of  0.0246  hours,  out  of 
which  .0016  hours  were  used  for  compilation.  This  information 
can  be  obtained  from  the  full  printouts  that  come  out  at  RADC. 
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4.2  EXAMPLE  2 


In  this  example  the  use  of  multiple  runs  and  an  output 


with  mutual  couplings  are  illustrated. 


SYSTEM  7F0RT 
OLD  OR  NEW -NEW 
READY 

•RUN  HS  fUSAIN I “01“ 

44444  ENTER  ANTENNA  PARAMETERS  ♦ + + + + 

DIMENSIONS  IN  METERS  OR  INCHES  7 

■ I 

GROUND  PLANE  7 

■ NO 

SIMPLE  PROS  ? 

■ YES 

1 COUPLING  COEFFICIENTS  7 

■ YES 

NUMBER  OF  ANTENNAS 

*3_ 

****  ANTENNA  NUMBER  I *•** 

ANTENNA  TYPE  7 <1097#  197#  1181  OR  1000) 

■ 1181 

ANTENNA  POSITION  X#Y#  Z Of!  THE  PLATFORM 

■ 0 . # 36*#  0* 

*«**  ANTENNA  NUMBER  2 •*** 

ANTENNA  TYPE  7 (1097#  197#  1181  OR  10001 

■ 1097 

ANTENNA  POSITION  X#Y#Z  ON  THE  PLATFORM 
■0»#0»#Q. 

*•**  ANTENNA  NUMBER  3 **** 

ANTENNA  TYPE  7 <1097#  197#  1181  OR  1000) 

■ 197 

ANTENNA  POSITION  X#Y#Z  ON  THE  PLATFORM 

+++  RADIATION  PATTERN  444 
VERTICAL  PATTERN  7 
-YES 

PHI  (DEGREES) 

■ 0 « 

PLOTTING  INCREMENT  (NON-ZERO  NUMBER)  (DEGREES) 

■10. 

HORIZONTAL  PATTERN  7 
= YES 

THETA  (DEGREES) 

■90. 

PLOTTING  INCREMENT  (NON-ZERO  NUMBER)  (DEGREES) 
■ 15. 

C CM  MUM  I CAT  1 ON  RANGE  CONTOUR  7 
= N 0 


2 NUMBER  OF  RUNS 

» 2 

• **#  rijn  t 1 **** 
FREQUENCY  CMHZ) 
■118.5 

FED  ANTENNA  < /) 

■1 
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«•••  nUN  # 2 •••* 

FFEOUENCY  (MHZ) 
*400. 


FED  ANTENNA  (#) 

-3 


3 DIM3 

I 

GP=  N 

SIMP-  Y 

COUPL-  Y 

ANT# 

a 

1 

2 

3 

TYPE 

a 

1 181 

1097 

197 

X 

a 

o. 

0. 

-36.000 

Y 

a 

36.000 

o. 

o. 

Z 

a 

o. 

o. 

0. 

VER 

PAT3* 

Y 

PHI 

a 

0. 

PLOT  INC* 

10.00 

HOP 

PAT3 

Y 

THETA=  90-0  PLOT  INC3  15-00 
C CM  RNG=  N 


3 


RUN#  FREC(MHZ)  ANT  FED( # ) 

1 118.50  1 

2 400.00  3 


4 ♦♦♦  72  X 72  IS  THE  MIN  DIM  FOR  Cl/  C2  ♦♦♦ 

* ♦♦  29  K IS  THE  MIN  MEMORY  NEEDED  ♦ ♦♦ 

•REMOVE  01 

* OLD  USA1N1 
READY 

* ASCBCD  *;USA1N1 
LAPELS'? 

TAB  CHARACTERS  AND  SETTING?  < 

•SYSTEM  CARD 

OLD  OR  NEW- OLD  USA 

READY 

•50 

*500 DIMENSION  C 1 ( 7 2/ 72)  / C2(  72/ 72) 

•500QS: LIMITS: 1 0. 29K 
•LI  ST S 50 / 5 0 0 / 5 0 0 0 

500  DIMENSION  C I ( 7 2/ 7 2) / C2( 7 2/ 72) 

50  0 OS: LIM ITS: 10/29K 

READY 

•RUN 

SNUMB  # 3000T 
CARD  FORMAT/ DISPOSITI ON  7 
NORM 

* J STS  3000T 
3000T-01  TOO  BIG 
•BYE  . 

••COST:  S 1.49  TO  DATE:  S 250. 563  5% 

*«CN  AT  14.835  - OFF  AT  15.012  ON  07/13/76 
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•JSTS  3000T 

3000T  OUTPUT  WAITING 

IF  LAST  JOB  SUBMI TT  F.D.  STATUS  WASl 

NORMAL  TERMINATION 

•BCDA5C  USAOUTt;»  CR 

LINE  NUMBERS?  CR 

TAB  CHARACTERS  AND  SETTING?  CR 

•LIST 


6 *•*  ANT#  (FED)*  1 FREQ  (MHZ>=*  118-50 


7 COUPLING  COEFFICIENT 

ANTENNA  NO-.  POWER  RECEIVED  (DB) 

2 -17-06 

3 -32-92 


VERTICAL  PATTERN 
PHI=  0- 

EMAX*  0-613  GAIN*  1-367  GAIN(DB)* 


THETA 

NMAG 

NM  AG  ( DB> 

0- 

0-0082 

-41.71 

10- 

0- 1152 

- 18-77 

20- 

0. 2437 

-12.26 

30- 

0-3751 

-8.52 

A0. 

0.5044 

-5.94 

50. 

0-6254 

-4.08 

60. 

0-7341 

-2.68 

70. 

0-8301 

- 1-62 

80. 

0.9127 

-0.79 

90. 

0.9743 

-0-23 

too. 

1-0000 

o. 

110. 

0-9762 

-0.21 

120. 

0-9010 

-0.91 

130- 

0.7842 

-2.11 

140. 

0.6410 

-3.86 

150. 

0.4850 

-6.  28 

160. 

0.3253 

-9.75 

170. 

0.1658 

-15.61 

180. 

0.008S 

-41.42 

*•* 


-36 
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HORIZONTAL  PATTERN 


THETA*  90.0 


EM  AX- 

0-771  GAIN 

- 2.166 

PHI 

NM  AG 

NMAG(DB) 

0. 

0.7739 

-2.23 

15. 

0.7606 

-2.38 

30. 

0.7792 

-2.  17 

45. 

0-8145 

-1.78 

60. 

0*6550 

-1.36 

75. 

0.8923 

-0.99 

90. 

0.9171 

-0-75 

105. 

0.921 1 

-0.71 

120. 

0.9006 

-0.91 

135. 

0.8576 

-1-33 

150. 

0.8026 

-1.91 

165. 

0.7576 

-2.41 

180. 

0.7479 

-2.52 

195. 

0.7611 

-2.  15 

210* 

0.8413 

-1.50 

225* 

0*9060 

-0.86 

240. 

0.9583 

-0.37 

255- 

0.9896 

-0-09 

27  0. 

1.0000 

0. 

285. 

0.9940 

-0.05 

300. 

0.9738 

-0.23 

315. 

0.9371 

-0*56 

330. 

0.8829 

-1.08 

345. 

0.8210 

-1.7  1 

360. 

0.7739 

-2.23 

•**  ANT#  <FED>=  3 


FREQ  (MHZ>=  400*00 


COUPLING  COEFFICIENT 

ANTENNA  NO.  POWER  RECEIVED  CDB) 

1 -31.44 

2 -16.96 
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. 36 


• •• 


-v 


VERTICAL  PAT T Elf M 


PHI3 


EM  AX  3 


0.765  GAIN3 


2.441  QAIN(DB)- 


THETA 

NMAG 

NMAG ( DB) 

o. 

0.0000 

-1000-00 

10. 

0.0801 

-21.92 

20. 

0.2022 

-13.88 

30. 

0.3516 

-9.08 

AO. 

0.4706 

-6.55 

50. 

0.5512 

-5«  17 

60. 

0. 6490 

-3*76 

70. 

0.7303 

-2.73 

80. 

0.8485 

- 1.43 

90. 

0.9409 

-0.53 

too. 

1.0000 

o. 

no. 

0.978  1 

-0.  19 

120. 

0.8409 

-1.51 

130. 

0.750  6 

-2.40 

140. 

0 . 68  58 

-3.  28 

150. 

0.5570 

-5.  08 

160. 

0.4140 

-7.66 

170. 

0.2232 

-13.03 

180. 

0.0000 

-1000.00 

HORIZONTAL  PATTERN 

THETA33 

90.0 

EM  AX 31 

0.971  GAIN33  3.933 

PHI 

NMAG 

NMAG  C DB) 

0. 

0.7412 

-2.60 

15. 

0.7226 

-2.82 

30. 

0.2994 

- 10.48 

45. 

0.8150 

- 1.78 

60. 

0.7041 

-3.05 

75. 

1.0000 

o. 

90. 

0.3722 

-8.59 

) 05. 

0.7194 

-2.86 

120. 

0.8505 

-1.41 

135. 

0-5587 

-5.06 

150. 

0.6341 

-3.96 

165. 

0.5701 

-4.88 

180. 

0. 6243 

-4.09 

195. 

0.9672 

-0.29 

210. 

0.  29 34 

-10.65 

225. 

0.7467 

-2.54 

240. 

0*6771 

-3.39 

255. 

0.9165 

-0.76 

270. 

0.  6596 

-3.61 

285. 

0.5177 

-5.72 

300. 

0.7129 

-2.94 

315.- 

0.4026 

-7.90 

330. 

0.2257 

-12.93 

345. 

0.2796 

-11.07 

360. 

0.7412 

-2.60 
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Explanation  of  Example  2 


1.  Note  that  the  coupling  coefficients  have  been  requested. 

2.  Note  the  specification  of  two  runs.  For  every  run  the  number  of  the 

fed  antenna,  as  well  as  the  frequency,  is  requested. 

3.  Note  DIM  = I,  which  means  dimensions  in  Inches. 

4.  Only  29K  is  needed  with  (72  x 72)  arrays. 

5.  At  a later  time  it  was  found  that  the  job  had  a normal  termination 

and  the  user  proceeded  to  print  out  the  output  file. 

6.  Before  listing  the  data,  the  antenna  fed  and  the  frequency  are 
specified. 

7.  The  mutual  coupling  coefficient  is  defined  as  the  ratio  of  the  received 
power  at  any  specified  antenna  (terminated  by  5052  in  the  SIMPLE  PROGRAM) 
to  the  input  power  of  the  fed  antenna. 

8.  This  is  the  beginning  of  the  listing  for  the  second  run. 

NOTE:  As  a reference,  this  run  took  a total  of  0.0353  hours,  out  of 

which  .0016  hours  were  used  for  compilation. 
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1 

4.3  EXAMPLE  3 - This  example  illustrates  the  use  of  the  general  program 
option.  Note  the  detailed  input  information  required. 


SYSTEM  7F0RT 
OLD  OR  N EM -NEW 
READY 

*PUN  US  »USA1N1  "01J1 

++++>  ENTER  ANTENNA  PARAMETERS  ♦ + + + ♦ 

DIMENSIONS  IN  METERS  OR  INCHES  7 
= M 

GROUND  PLANE  7 
=N_0_ 

SIMPLE  PROG  ? 


1 


4 

5 


I 


-N 

FREQUENCY  (MHZ  ) 

= 125. 

NUMBER  OF  ANTENNAS 

=JL 

AUTO  SPEC  tfSEGS  7 
°Y 

***»  ANTDJNA  NUMBER  1 **** 

ANTENNA  LENGTH 

~ I * 

LOAD  POSITION 
=_0_ 

FEED  POSITI  ON 
= .5 

ANTENNA  RADIUS 
= ■3 

INPUT  ERR  OR*  TRY  AGAIN 

ANTENNA  RADIUS 
= ♦02 

ANTENNA  POSITION  X/Y/Z  ON  THE  PLATFORM 
= 0 ♦ ♦ 0* ^ 0 » 

FEED  VOLTAGE  (REAL/ I MAG) 

= 1 ♦ / 0 • 

LOAD  IMPEDANCE  ( REAL/ I M AG ) 

= 0/0 

****  ANTENNA  NUMBER  2 **** 

ANTENNA  LENGTH 
= I ♦ 5 

LOAD  POSITI  CM 
=J-i_ 

FEED  POSITI  CM 
= 0 . 

ANTENNA  RADIUS 
= . 03 

ANTENNA  POSITI  O'!  X/Y/Z  ON  THE  PLATFORM 
Bl»/0*/0» 

FEED  VOLTAGE  ( REAL/ IMAG > 

- 0 ♦ / 0 ’♦ 

6 LOAD  IMPEDANCE  (REAL/ IMAG) 

■ 50 ♦ / 0 • 


t 

4 


L 
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****  ANTENNA  NUMBER  3 •*** 

ANTENNA  LENGTH 
= 1.2 

LOAD  POS1T1  CN 

= .8 

FEED  POSITICN 
= 0. 

ANTENNA  RADIUS 
= . 03 

ANTENNA  POSITICN  X,Y,Z  ON  THE  PLATFORM 
= 0 » . I . 2*  . 3 

FEED  VOLTAGE  < REAL/ IN AG ) 

*0,0 

LOAD  IMPEDANCE  ( REAL, I NAG ) 

=72., 0. 

+ + + PAD I AT I CM  PATTEPN  + + + 

VERTICAL  PATTERN  7 
«YES 

PHI  (DEGREES) 

= 90. 

PLOTTING  INCREMENT  (NON- ZERO  NUMBER)  (DEGREES) 

*10. 

HORIZONTAL  PATTERN  ? 

=YES 

THETA  (DEGREES) 

= 90. 

PLOTTING  INCREM ENT  (NON-ZERO  N'JMBER)  (DEGREES) 

= 10. 


DIM* 

M 

GP=  N 

AUTO  Y 

ANT  t 

= 

1 

2 

L 

a 

I. 000 

1.500 

LP 

= 

o. 

1.000 

FP 

3 

0.500 

0. 

R 

= 0 

. 02000 

0-03000 

X 

= 

0. 

1.000 

Y 

a 

0. 

0. 

Z 

3 

0. 

0. 

RE  V 

a 

1.000 

0. 

IM  V 

a 

o. 

0. 

RE  LD= 

o. 

50.0 

IM  LD= 

0. 

0. 

VER 

PAT* 

V 

PHI 

3 

90.0 

PLOT  INC= 

HCR 

PAT  = 

Y 

THETA* 

90.  0 

PLOT  I NC= 

•f-f  ♦ 

14 

X 1A  IS  THE  MIN 

19 

K IS  THE  MUJ  ME1 

FREO=  125.00  NR*  3 
3 

1.200 

0.800 

0 . 

. 03000 

o. 

1,200 

0.300 

0. 

0. 

72.  0 

0. 

10.00 

10.00 


DIM  FOR  Cl,  C2  + •*••» 
ORY  NEEDED  ++♦ 


•REMOVE  0 1 
•OLD  USAIN1 
READY 
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•ASCBCD  * 1 IISA1 N 1 


LABELS? 

TAR  CHARACTERS  hND  SETTING  ? 

•SYSTE1  CARD 

CLD  OR  N EM  - CLP  USA 

READY 

•11. 

*500:  DIM  EM  S I CM  C 1 <_1  A/J  A ) /_C2 <_L£/  1 li2 
» 5 0 0 0 s : iTlTi  T S : ~5  /19K 
•LISTS  50/500/500C 

5 0 0 : DIM  EM  SI  CM  C 1 < 14/  1 4 > / C2(  1 A/  1 A> 
50001: LIM I TS: 5/  19K 

READY 


« RUM 

5NUMB  » 7'<15T 
CARD  FORMAT/  DI  SP  OSITI  CN  ? 
N PPM 

•JSTS  79 l ST 
79I5T-0I  TOO  BIG 


•JSTS  79  1ST 

7915T  JOB  NOT  ACCESSIBLE 
IF  LAST  JOB  SUBMITTED/  STATUS  MAS: 
NORMAL  TER1INATI  ON 

•BCDASC  USAOUT1J* 

LINE  NUMBERS 7 

TAB  CHARACTERS  AND  SETTING? 

•LIST 


VERTICAL  PATTERN 
PHI=  90.0 

EMAX=  0.588  GAIN=  1-527  GAINCDB) 


THETA 

NM  AG 

NMAG(DB) 

0. 

o. 

-1000.00 

10. 

0. 1658 

- 15.61 

20. 

0.3625 

-8.8  1 

30. 

0 • 56A6 

-A.  97 

A0. 

0.7A17 

-2.  60 

50.- 

0.8717 

-1.19 

60. 

0.9A99 

-0.A5 

70. 

0-9875 

-0-11 

80. 

1.0000 

0- 

90. 

0.9950 

- 0.  0A 

100. 

0-9701 

-0. 26 

no. 

0-9209 

-0.72 

120. 

0.8A83 

- 1-A3 

130. 

0.7568 

- 2 . A 2 

1 A0 . 

0.6A95 

-3.75 

150. 

0.5238 

-5.62 

160. 

0.3737 

-8-55 

170. 

0.  1969 

- 1 A.  1 2 

180. 

0.0000 

-1000.00 
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HORIZONTAL  PATTERN 


THETA=  90.0 

EMA~  = 0.700  GAIN=  2-553  GAIN  ( DB) 


PHI 

N:i  AG 

Nil  AG  (DC) 

0* 

0.6196 

-9.23 

10. 

0.6752 

-3.91 

20. 

0.6888 

-3-  29 

30. 

0.6586 

-3-63 

90. 

0 . 6099 

-9. 37 

50. 

0.5593 

-5.  05 

60. 

0 • 5S69 

-5.  08 

70. 

0. 6057 

-9.  35 

80. 

0-6852 

-3.28 

90. 

0.7696 

-2.  27 

100. 

0.8990 

-1.97 

no. 

0.9099 

-0-87 

120. 

0.9523 

- 0.92 

130. 

0.9862 

-0.12 

190. 

1.0000 

0. 

150. 

0-9889 

-0.10 

too. 

0.9982 

-0.96 

170. 

0-8803 

- 1 • I 1 

18  0. 

0-79  1 2 

-2.03 

190. 

0*6968 

-3.  19 

200. 

0.6257 

-9. 07 

210. 

0 • 6089 

-9.31 

220. 

0.6522 

-3.71 

230. 

0.7273 

-2.  77 

29  0. 

0.7975 

- 1.96 

250. 

0.8358 

-1.56 

26  0* 

0.8275 

- 1-65 

27  0. 

0 . 7 69  6 

-2.27 

28  0. 

0.6706 

-3.97 

29  0. 

0.5993 

-5*  20 

300. 

0.9320 

-7. 29 

310. 

0-3958 

-9.22 

320. 

0.3123 

-10.11 

330. 

0.3901 

-9*37 

390. 

0.9183 

-7.57 

350. 

0.5203 

-5*68 

360. 

0.6196 

-9-23 

READ? 

• 
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Explanation  of  Example  3 


1.  Each  antenna  is  divided  in  a certain  number  of  segments  over  which  the 
current  is  assumed  constant.  When  the  answer  to  AUTO  SPEC  # SEGS?  is 
YES,  the  computer  uses  15  segments  per  wavelength  for  the  fed  antennas 
and  between  6 to  10  per  wavelength  for  the  others  depending  on  how  far 
they  are  from  the  fed  antenna.  If  the  answer  is  NO,  then  the  actual 
number  of  segments  for  each  antenna  has  to  be  specified  by  the  user. 

2.  When  there  is  no  lead  in  the  antenna,  enter  0 here. 

3.  The  maximum  radius  permissible  is  . 1A , thus  the  error  message. 

4.  This  indicates  that  this  is  the  fed  antenna.  Other  antennas  can  also 
be  fed  simultaneously  in  this  version  of  the  program.  Therefore,  the 
radiation  pattern  of  an  array  of  antennas  can  be  calculated. 

5.  As  this  antenna  has  no  load,  enter  0. ,0.  here.  If  there  was  a lead, 
then  the  real  and  imaginary  parts  of  the  load  impedance  (in  ohms) 
should  be  entered  here. 

6.  This  is  the  real  and  imaginary  parts  of  the  load  in  ohms. 

NOTE:  As  a reference,  this  run  took  a total  of  0.0030  hours,  out  of 

which  .0016  hours  were  used  for  compilation. 
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4 . 4 EXAMPLE  4 


This  example  illustrates  the  use  of  the  communication 


range  contour  program  option. 


*SYST  FORT 
OLD  OR  NEW-NEW 
READY 

♦RUN  HS  /USA INI  “0  1“ 

«•  + + +♦  ENTER  ANTENNA  PARAMETERS  ♦ ♦♦♦♦ 

DIMENSIONS  IN  METERS  OR  INCHES  7 

GROUND  PLANE  ? 

= N_ 

SIMPLE  PROG  7 

=Y 

COUPLING  COEFFICIENTS  ? 

=N 

NUMBER  OF  ANTENNAS 

ANTENNA  NUMBER  1 **** 

ANTENNA  TYPE  7 ( 1097/  197/  1181  OR  1 0 00) 

- 197 

ANTENNA  POSITION  X/Y/Z  ON  THE  PLATFORM 

=0*/Q./Q. 

+ + + RADI  ATI  ON  PATTERN  + + + 

VERTICAL  PATTERN  7 

=x 

PHI  (DEGREES) 

=JL» 

PLOTTING  INCREMENT  (NON-ZERO  NUMBER)  (DEGREES) 

= 1 0 . 

HORIZONTAL  PATTERN  7 

1 CCMMUNI  CATI  CN  RANGE  CONTOUR  7 
='Y 

2 RECEIVER  SENSITIVITY  (DBM) 

=-80  » 

GROUND  TRANSMITTER  POWER  (WATT) 

= 10. 

+ + + + + ENTER  SITE  PARAMETERS  ++++♦ 

GROUND  ELEVATION  IN  FEET 
=6546* 

TRANSIT  ELEVATION  IN  FEET 
=6568. 

ANTENNA  ELEVATION  IN  FEET 
"6586. 

3 ANTENNA  OFFSET  FROl  TRANSIT  7 
*=Y 


. .... 


!• 


ENTER  DISTANCE  TO  ANTENNA  IN  FEET 

° 0 . 

4 "BEARING  TO  ANTENNA  IN  DEG  AMD  MIN  (DD.MM) 

3 0 « 0 

5 USE  STANDARD  ALTITUDES  ? 

*N 

NUMBER  OF  ALTITUDES  TO  BE  CALCULATED  (1-6) 
°6 

6 DESIRED  ALTITUDES  IN  FEET 

31000> <5000* < 10000* <15000«<20000  .<35000. 


7< 


GROUND  ELEV  = 6546.0  FT 

TRANSIT  ELEV  3 6568-0  FT 

ANTENNA  ELEV  = 6586.  0,  FT 

DIST  TO  ANT  (FT)  3 ' 0* 

DEAR  TO  ANT( DD.MM ) 3 0. 

AIRCRAFT  ALT'S  ARE  IN  FT  AGL. 
ALT  'S=  1 00  0.0  5000.0  1 0000.0 


15000.0  20000-0  35000.0 


NUMBER  OF  RUNS 


***•  RUN  # 1 «*** 

FREQUENCY  (MHZ) 
=■320. 

FED  ANTENNA  (*) 

= 1 


DIM3  M GP3  N SIMP3  Y COUPL=>  N NR3  1 
ANT#  3 1 

TYPE  3 197 

X 3 0. 

Y 3 0. 

Z 3 0. 

VER  PAT.-  Y 

PHI  3 0.  PLOT  INC3  10-00 

HOR  PAT3  N 
COM  RNG-  Y 

REC  SEN  ( DBM) = -80.0  GROUND  TPW  (WATT)3  I 0-0 


RUN#  FREQ(MHZ)  ANT  FEDC #) 

1 320.00  1 


♦++  7 x 7 IS  THE  MIN  DIM  FOR  Cl<  C2  ++♦ 

++■*■  19  K IS  THE  MIN  MEMORY  HEEDED  +♦  + 

* REMOVE  0 1 

•OLD  USA1N1 
READY 

•ASCBCD  «;USAIN1 
LABELS  7 

TAB  CHARACTERS  AND  SETTING? 


•SYST  CARD_ 

OLD  OR  HER- OLD  USA 
READY 
'«*5Q 

•500  _ DIMENSION  C 1 <7/7 > * C2<7 j 7> 

*50 OOSt LIMITS: 5* 19K 

•RUN 

‘ SNUMB  t 6849T 
CARD  FORI AT/ DI SPOSITI ON  ? 

_NpFW 

* j ST  S 6649T 
6849T-  01  VIAIT-ALOC 


*JST5  6849T 

6~849T  J CD  NOT  ACCESSIBLE 
IF  LAST  JOB  SUBMITTED/  STATUS  WAS: 
NORMAL  TERMINATION 

*B  C DA  S C USA  OUT  1 /*» 

L I HE  NUMBERS? 

TAB  CHARACTEPT  AND  SETTING? 

•LIST 


«.**  ANT#  (FED)  = 1 FREO  (MHZ)=  320-  00  * 


RECEIVER  SENSITIVITY  ( CBM ) = -80-0 
TRANSMITTER  POWER  (WATT)  = 10-0 


VERTICAL  PATTERN 
PHI=  0- 

EM AX=  24.090  GAIN=  1.934  G AIN ( DB>  = 2. 


THETA 

NMAG 

NMAG (DB) 

0- 

0.0000 

-1000.00 

10- 

0. 1622 

-15.80 

20- 

0.3214 

-9.86 

30- 

0.4739 

-6.49 

A0. 

0. 6149 

-4.22 

50- 

0.7392 

-2.63 

60. 

0.8419 

-1.50 

70- 

0.9197 

-0.73 

80. 

0.9715 

-0.25 

90. 

0.9980 

-0.02 

100- 

1.0000 

0. 

110. 

0.9769 

-0.20 

120. 

0.9261 

-0.67 

130. 

0-8445 

-1.47 

I A 0 • 

0. 7295 

-2.74 

150. 

0.5819 

-4-7  0 

160. 

0.4057 

-7.84 

170- 

0.2084 

- 1 3. 62 

180. 

0.0000 

-1000.00 
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9 C CMMHN 1 CAT  I Ctl  PANG  E CONTOUR 


Ml 


ALT (FT) 

1 000.0 

5000.0 

10000.0 

15000.0 

20000.0 

35000. 

PHi ( DLG ) 

pangeuj:-!) 

o. 

6*2 

29.2 

53-5 

55-7 

55-7 

55.4 

6-50 

5.3 

25.5 

47 . 7 

55.7 

55.6 

55.4 

10.50 

5.7 

27.  1 

50-  1 

55.7 

55-6 

55.4 

20-00 

5.9 

20.  0 

51.7 

55.7 

55*7 

55.4 

30.00 

6.5 

37.6 

55-8 

55-8 

55.7 

55.5 

31.32 

5.4 

25.9 

48.3 

55.7 

55.6 

55.4 

35-37 

5.2 

25.  1 

46-9 

55-7 

55.6 

55*4 

AO. 00 

6-2 

29.1 

53.  4 

55-7 

55-7 

55*4 

50.00 

6-2 

29.  1 

53.4 

55-7 

55.7 

55-4 

60.00 

5.9 

27.8 

51-3 

55*7 

55.7 

55.4 

65*20 

4.7 

23.  0 

43.4 

55.7 

55.6 

55.4 

70.00 

6.2 

29.1 

53.4 

55.7 

55.7 

55.4 

75*67 

6.  0 

28.3 

52.  1 

55-7 

55.7 

55.4 

85.00 

7.9 

35.6 

55.8 

55.7 

55.7 

55.  5 

90.00 

6.9 

32.  0 

55-8 

55.7 

55.7 

55.5 

116-00 

13.7 

52.  0 

55.8 

55.8 

55.7 

55.  5 

123.33 

16-6 

55.9 

55.8 

55.8 

55-8 

55.  5 

148.00 

45-8 

55.9 

55*9 

55.8 

55.8 

55.  6 

155-00 

30.  1 

55.9 

55.9 

55.8 

55-8 

55.6 

159.15 

25.5 

55.9 

55.9 

55.8 

55.8 

55.6 

159.75 

39-8 

55.9 

55-9 

55.8 

55.8 

55.6 

162.00 

55.9 

55-9 

55.9 

55.9 

55.8 

55-  6 

163.07 

41.9 

55.9 

55.9 

55.8 

55*8 

55.6 

163.78 

55.9 

55-9 

55.9 

55-9 

55.8 

55.  6 

166.50 

55.9 

55.9 

55.9 

55.9 

55.8 

55.  6 

17  1.95 

9.2 

39.9 

55*8 

55.8 

55.7 

55.5 

173.00 

6.6 

30-9 

55.8 

55*7 

55.7 

55.5 

173.73 

5.  1 

24.7 

46.  3 

55.7 

55.  6 

55.4 

174.12 

5-4 

25.8 

48-0 

55.7 

55.  6 

55.4 

175.30 

4*6 

22.5 

42.  6 

55.7 

55.  6 

55.4 

176.95 

5*5 

26.4 

49. 1 

55.  7 

55.6 

55.4 

177.22 

4.9 

23.7 

44.7 

55.7 

55-6 

55.4 

177.50 

5.  1 

24.5 

46.0 

55-7 

55.6 

55.4 

178.33 

4.7 

22.8 

43.  2 

55.7 

55.6 

55.4 

179.23 

5.9 

27.9 

51-4 

55.7 

55.7 

55.4 

179.68 

5.4 

26.0 

48.4 

55.7 

55.6 

55.4 

180-27 

5.7 

27.  1 

50.3 

55.7 

55-6 

55-4 

180.57 

5.6 

26-7 

49.5 

55-7 

55.  6 

55.4 

182.12 

5.2 

25*  1 

47.0 

55.7 

55*6 

55.4 

182.38 

5.4 

25.8 

48.0 

55-7 

55-  6 

55.4 

182.67 

5.2 

25-  1 

47-0 

55-7 

55.6 

55-4 

183.50 

5.6 

26-7 

49*5 

55.7 

55.6 

55.4 

184.02 

4.9 

23.9 

45.  0 

55-7 

55.6 

55.4 

184-82 

4.5 

22.2 

42.  1 

55*7 

55.6 

55.4 

186-50 

4.  1 

20.4 

38.9 

55.  6 

55.6 

55.4 

187.92 

4-3 

21 . 1 

40-2 

55-6 

55.6 

55.4 

191.35 

2.9 

14.8 

28.9 

42.  3 

55.  1 

55.3 

192.90 

3.4 

17.  1 

33.  2 

48-3 

55.5 

55.  3 

199-08 

2.6 

1 3.  0 

25.5 

37.5 

49  . 1 

55.2 

200.28 

2-5 

12.7 

24.9 

36-7 

48.  1 

55.2 

203-78 

2.3 

1 1.8 

23.  3 

34.  5 

45.2 

55.2 

205.73 

3.0 

15.2 

29.6 

43.  r 

55*5 

55.  3 

206.13 

3.  1 

15-4 

30.  0 

43-  9 

5-.  5 

55.  3 

206.73 

2.9 

14.4 

20.2 

41.3 

53.9 

55.  3 

207-32 

2.9 

14.8 

28.9 

42.  3 

55.  1 

55.  3 

33 


208. 37 

3.0 

15.2 

29.6 

43-  3 

55*5 

55-3 

219.18 

1.7 

8-9 

17.7 

26.  3 

34-8 

55-0 

221.42 

1 .9 

9.8 

19.5 

28.9 

38.2 

55-0 

222.43 

2.0 

10.3 

20.  5 

30.  3 

40.0 

55*  1 

222.72 

2.0 

10.2 

20.2 

29.9 

39.4 

55.  1 

225.00 

2.  1 

10.8 

21.3 

31.5 

41.5 

55«  1 

226.20 

2.0 

10.3 

20.  3 

30.  1 

39.7 

55*  I 

227.50 

2.  1 

10.7 

21.2 

31.3 

41.2 

55.  1 

228-22 

2.0 

10-4 

20.6 

30.  6 

40-2 

55-  1 

235.12 

1.7 

8.9 

17.8 

26.4 

34.9 

55.  0 

235.  12 

1.7 

8.9 

17.8 

26.4 

34.9 

55-0 

235-80 

1.8 

9.  1 

18.2 

27.  0 

35.7 

55.0 

238.23 

1.7 

8-7 

17.  2 

25.  6 

33.9 

55.  0 

239.85 

1.7 

8.9 

17.7 

26.  3 

34.8 

55.0 

240.67 

1.6 

8.2 

16-4 

24.4 

32.  3 

54.9 

244.  1 0 

1.5 

7.8 

15-4 

23.  0 

30.  5 

52.3 

244.77 

1.6 

8.  1 

16.  1 

24.  0 

31.7 

54.  3 

246*33 

1.9 

9.9 

19.7 

29. 2 

38.5 

55.  1 

254.47 

2.6 

13.2 

25-9 

33.  1 

49.9 

55.2 

254.47 

2.6 

13.  2 

25-9 

38.  1 

49.9 

55*2 

254.60 

2.5 

12.5 

24.  6 

36.  3 

47.5 

55.2 

257.18 

2.0 

10.4 

20.6 

30.5 

40.2 

55-  1 

267-00 

2. 1 

10-5 

20-9 

30.9 

40.7 

55.  1 

271.00 

1 .7 

8.5 

17.0 

25.  3 

33.4 

54.9 

272.77 

1.8 

9.5 

18.8 

27.9 

36*  8 

55.  0 

275.00 

2.  1 

10-5 

20*8 

30.8 

40.6 

55.  1 

275.43 

2.  1 

10.7 

21.3 

31-5 

41  .4 

55.  1 

276.00 

2.0 

10>2 

20.  1 

29.9 

39.4 

55.  1 

279.00 

2.  1 

10.5 

20-9 

30.9 

40.7 

55.  1 

288.30 

2*7 

13.5 

26.6 

39.  0 

51.0 

55. 2 

289.08 

2.5 

12-9 

25.3 

37.2 

48.8 

55-  2 

294.05 

3.4 

16-9 

32.7 

47.6 

55.5 

55.3 

295.83 

3-3 

16.5 

32.0 

46-  6 

55.5 

55*  3 

296-67 

3.5 

17-6 

34.  0 

49.  3 

55.5 

55-  3 

302.  10 

3.9 

19-3 

37.  1 

53.5 

55-6 

55.4 

303-40 

4.0 

19.7 

37.8 

54.4 

55.6 

55.4 

303-40 

4.0 

19-7 

37.8 

54.4 

55.6 

55.4 

306.78 

3.3 

16-6 

32.2 

46.8 

55.5 

55-3 

309.97 

4.3 

21.4 

40.7 

55-6 

55.6 

55-4 

311.67 

5.6 

26.6 

49. 3 

55-7 

55.6 

55.4 

312-87 

5.4 

26.  0 

48*5 

55-7 

55.6 

55-4 

312.87 

5.4 

26.  0 

48.5 

55.7 

55.6 

55.4 

317 .07 

6*6 

30.6 

55.7 

55-7 

55.7 

55.5 

317.56 

6.  1 

28.9 

53.0 

55-7 

55.7 

55.4 

318.95 

6*3 

29.7 

54.  3 

55.7 

55.7 

55-5 

320. 1 0 

7.7 

34.7 

55-8 

55.7 

55.7 

55*5 

320-30 

8.7 

38.2 

55.8 

55-8 

55.7 

55.5 

320.50 

8.2 

36.4 

55-8 

55.7 

55.7 

55-5 

321.03 

8.5 

37.4 

55-8 

55-7 

55.7 

55.5 

321*70 

8.  1 

36.2 

55.8 

55.7 

55.7 

55.5 

322.38 

9.3 

40.0 

55-8 

55-8 

55.7 

55-5 

327 • 00 

11.2 

45-8 

55.8 

55-8 

55.7 

55.5 

334.53 

9.6 

4 1.0 

55.8 

55-8 

55.7 

55.5 

334.53 

9.6 

41.0 

55-8 

55-8 

55.7 

55.  5 

336-05 

8.4 

37.3 

55.8 

55*7 

55.7 

55.5 

336- 05 

8.4 

37.3 

55-8 

55-7 

55.7 

55.5 

336.62 

7.8 

35.0 

55.8 

55-7 

55.7 

55.5 

338-35 

8.4 

37.3 

55*8 

55.7 

55.7 

55.5 

341.00 

8.2 

36.  5 

55-8 

55-7 

55.7 

55.5 

350.00 

7.4 

33.8 

55*8 

55-7 

55*7 

55.5 

350.00 

7.4 

33.8 

55-8 

55.7 

55.7 

55-5 

I 

i 

* 
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Explanation  of  Example  4 

1.  A request  for  computation  of  communication  range  is  made. 

2.  The  program  does  not  include  the  coaxial  cable  losses  and  other  losses 
within  the  receiver  and  transmitter.  If  known,  they  should  be  subtracted 
from  the  actual  receiver  sensitivity. 

3.  If  the  answer  is  YES,  the  next  two  questions  are  asked.  If  the  answer 
is  NO,  they  are  skipped. 

4.  The  bearing  is  measured  from  the  north,  clockwise,  and  is  read  in 

degrees  and  minutes  as  DDD.MM.  Ex:  1.20  5 1°  20'. 

5.  If  the  answer  is  NO,  the  next  two  questions  are  asked.  If  it  is  YES, 

they  are  skipped  and  the  six  standard  altitudes  of  1,000;  5,000; 

10,000;  15,000;  20,000;  and  35,000  feet  above  ground  level  (AGL)  are 
assumed. 

6.  This  is  a print  out  of  site  parameters  which  was  just  read  in  the 
computer  for  the  user's  verification. 

7.  These  statements  modify  the  program  arrays  so  it  can  be  run  with  the 

smallest  core  possible.  If  the  user  wants  to  change  the  name 

DATAFILE  to  any  name  XXX...  (maximum  of  8 characters)  the  following 
should  be  typed  5025$:PRMFL:03,R/W,R,BLA00001/XXX. . . 

9.  This  is  the  communication  range  contour  output. 

"Line  of  Sight  Coverage"  data  of  Air  Force  Academy,  Colorado  Springs, 
are  stored  in  the  file  DATAFILE. 


NOTE:  Data  in  the  file  DATAFILE  have  to  be  stored  in  the  following  way  in 


each  azimuth  direction: 

ZZ , ELANG , DIST , RNG (1) , . . . , RNG (6) 

where  ZZ  = the  azimuth  angle  in  radians. 

ELANG  = the  angle  in  radians  between  the  screen  top  and  the 
ground . 

DIST  = the  distance  between  the  transit  and  the  screen. 

RNG  = up  to  six  line  of  sight  ranges  in  nautical  miles. 

As  a reference,  this  run  took  a total  of  0.0112  hours,  out  of  which 
0.0016  hours  were  used  for  compilation. 

5.  Program  Limitations 

The  primary  limitations  of  the  program  as  listed  in  the  Appendix  are 
shown  below. 

a)  Maximum  number  of  runs.  / 10 

b)  Maximum  number  of  antennas  in  the  GENERAL  PROGRAM  90 

c)  Maximum  number  of  antennas  in  the  SIMPLE  PROGRAM  20 

Maximum  number  of  sub-antennas  to  represent  antennas 

in  the  SIMPLE  PROGRAM  90 

Number  of  sub-antennas  used  to  represent  each  antenna 

in  the  SIMPLE  PROGRAM 

AT  1181  - 1 
AT  1097  - 5 
AT  1000  - 1 
AT  197  - 26 


36 


I 


d)  Maximum  number  of  segments  to  represent  the  current 

on  all  antennas  200 

e)  Number  of  segments  used  to  represent  each  antenna  in 

the  SIMPLE  PROGRAM: 

f > 200  MHz  (UHF) 

with  mutual  coupling  calculations  AT  197  - 7 if  fed 

51  if  fed 
AT  1097  - 29 
AT  1181  - 16 

without  mutual  coupling  calculations  AT  197  - 7 if  fed 

39  if  not  fed 
AT  1097  - 29  if  fed 

20  if  not  fed 
AT  1181  - 12 

f < 200  MHz  (VHF) 

with  mutual  coupling  calculations  AT  197  - 39 

AT  1097  - 21 
AT  1181  - 12 

without  mutual  coupling  calculations  AT  197  - 26 

AT  1097  - 13 
AT  1181  - 12  if  fed 

7 if  not  fed 

The  maximum  number  of  the  segments  per  wavelength  used  for 
the  AT  1000  are  nine  in  UHF  and  twelve  in  VHF. 
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METRIC  SYSTEM 


BASE  UNITS: 


Quantity 

Unit 

SI  Symbol 

Formula 

length 

metre 

m 

mass 

kilogram 

time 

second 

s 

electric  current 

ampere 

A 

thermodynamic  temperature 

kelvin 

K 

amount  of  substance 

mole 

mol 

luminous  intensity 

candela 

cd 

SUPPLEMENTARY  UNITS 

plane  angle 

radian 

rad 

solid  angle 

steradian 

sr 

DERIVED  UNITS: 

Acceleration 

metre  per  second  squared 

ms 

activity  (of  a radioactive  source) 

disintegration  per  second 

(disintegration)'s 

angular  acceleration 

radian  per  second  squared 

rad/s 

angular  velocity 

radian  per  second 

rad's 

area 

square  metre 

m 

density 

kilogram  per  cubic  metre 

kgm 

electric  capacitance 

farad 

K 

As /V 

electrical  conductance 

siemens 

S 

A/V 

electric  field  strength 

volt  per  metre 

V'm 

electric  inductance 

henry 

H 

V-s'A 

electric  potential  difference 

volt 

V 

W/A 

electric  resistance 

ohm 

VIA 

electromotive  force 

volt 

V 

W.A 

energy 

joule 

1 

N-m 

entropy 

joule  per  kelvin 

I'K 

force 

newton 

N 

kg-m's 

frequency 

hertz 

Hz 

(cycle)/s 

illuminance 

lux 

lx 

lm/m 

luminance 

candela  per  square  metre 

cd'm 

luminous  flux 

lumen 

1m 

cd-sr 

magnetic  field  strength 

ampere  per  metre 

Aim 

magnetic  flux 

weber 

VVb 

V-s 

magnetic  flux  density 

tesla 

T 

Wb/m 

magnetomotive  force 

ampere 

A 

power 

watt 

W 

I's 

pressure 

pascal 

Pa 

N'm 

quantity  of  electricity 

coulomb 

C 

A-s 

quantity  of  heat 

joule 

1 

N-m 

radiant  intensity 

watt  per  steradian 

Wist 

specific  heat 

inule  per  kilogram-kelvin 

I kg-E 

stress 

pascal 

Pa 

N/m 

thermal  conductivity 

watt  per  metre-kelvin 

W m-K 

velocity 

metre  pgr  second 

m/s 

viscosity,  dynamic 

pascal-second 

Pa-s 

viscosity,  kinematic 

square  metre  per  second 

ms 

voltage 

volt 

V 

W A 

volume 

cubic  metre 

m 

wavenumber 

reciprocal  metre 

(wave)  m 

work 

joule 

1 

N-m 

SI  PREFIXES: 

Multiplication  Factors 

Prefix 

SI  Symbo 

1 000  000  000  000  = 10* 2 

t**ra 

T 

1 000  000  000  = 10" 

H'K* 

(. 

1 000  000  = 10* 

m»*ga 

M 

1 000  = 10’ 

kilo 

k 

100  = 10; 

hec  to* 

h 

10  = 10' 

dekV 

da 

0 1 = 10-' 

deu* 

d 

0 01  = 10~* 

< ••nti“ 

c 

0 001  = 10- ’ 

rnilli 

m 

0 000  001  = 10-  * 

mk.rn 

0 000  000  001  = 10"" 

It 

0.000  000  000  001  -r  10 

pic.o 

V 

0 000  000  000  0OO  ()0 1 10  11 

fcmlu 

1 

0.000  000  000  000  000  001  10 

alto 

a 

* Trj  bo  avoided  where  possible 


MISSION 

of 

Rome  Air  Development  Center 


RADC  plans  and  conducts  research,  exploratory  and  advanced 
development  programs  in  command,  control,  and  communications 
(C3)  activities,  and  in  the  C3  areas  of  information  sciences 
and  intelligence . The  principal  technical  mission  areas 
are  communications,  electromagnetic  guidance  and  control, 
surveillance  of  ground  and  aerospace  objects,  intelligence 
data  collection  and  handling,  information  system  technology, 
ionospheric  propagation,  solid  state  sciences , microwave 
physics  and  electronic  reliability , maintainability  and 
compatibility . 


